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This memorandum i3 a compilaticn of results obtained ta date
from a nusber of reactorephysics caleulations for the molten salt
reactor experiment (MSRE). Included are one-dimensional multigroup
and two-dimensional twoegroup calculations of eritical mass, flux
and power density disiributions; gamma heating in the cors cen, reactor
vessel and core support grid; drain tank criticality; and an estimate
of the beta, gamma and delayed neutron dose rates due to Fission
products in the fuel contained in the pump bowl.

For a cylindrical core 5 inchee in diameter and 66 inches
high, graphite-modersted with & valume percent fuel salt, the
calculated criticel uranium loading is 0.76 mole percent uranium
(93.3% U~235), whdch 15 equivalent to & critical mass of 16 kilegrams,
A% & reactor povwer of 10 megawatts, the peak power dengity in the
core assuming & homogeneous mixture of fuel ealt and graphite is
10 watts/cn?, the average pover d.eg;&t:,r ie 4 watts/cm?, The computed
peak thermal flux is 7.3 x 1003 n/ sec gnd the averags 1z 2.5 x 1013
n/cn® sec, Gamme heating produces a pover densitg aof 0.2 watts/—::m3
in the core wall at the midplane epd 0.4 watts/en? in the support
grid at the bottam of the core at the reactor cemter line.
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Core Celoulationes

[ ]

The molel of the reactor considered is shown in Fig. 1. The fusl salt
is a mixture of 64 mole percent LiF (0,03% Lisj, 3L mole perceat BeF,, h mole
percent Ml..! and about 1 mole percent UFH- (93.3% 11235}. The core conaists
of 2=lnch squere graphite blocks with 0,1 inch = 1.5 inch fuel chanpele be-
tween adjacent blocks (Figure 2); in the calculations the core was assumed
to be a right circular cylinder 54% inches in dlameter and 66 inches high
containing & hoamogenecus mixture of 8 yolume percent fuel selt and 92 volume
percent graphite, The reglons designated "Grid 1" and "Grdd 2" iv Figure 1
are homogeneous mixtures of fuel sali, graphite and IROR-8; these regions
are represenbablons of the support grid snd the asseclated fuel ealt and
graphite, The core can and reactor vessel are INOR-B and there iz a l-inch
anmalus filled with fusl s&lt between the can and the vess=l. The region
designated "Header" represents the fuel salt jin the bottom of the vessel.
Results of cone-dimensional multigroup cnlculatiansl along the center lins and
midplane were used o generate tWo-group constants for the two-group, two-
dimensional caleulabions;> power density distributions calculated with the
two-group method are showvn in Plgures 3 and & for a reactor power of 10 mega-
watts. Results for the 4 x &6, B-volume-percent-fuel szalt reactor are tabu-
lated in Table 1; results for a mmber of reactors of different dlameters are

showm In Figure 5, and neutron balances are listed in Table 2,



Taeble 1. Eesults of Fucleer Calceulations for MSRE

Core gize: 1511- inches dimmeter, 66 inches height right circular cylinder
Power: 10 megawetts

Peak core power density: 10.2 vatts/cm3

Mesn core power density: L.o4 'wa:ttsme

Fuel zalt volume fraction 5%

Critical mase in eore: 15.7 kg,

Criticesl fuel concentretion: ©.76 mole percent U (93.3% U235]

Pagk thermal flux: 7.3 % 1013 n/ﬂmE asc

Mean therme) flux: 2.5 x 1005 l:L,{'r.-m2 feo

Teble 2. DNeutron Balances for Reactors Heving Various Diameters end Hedghts
{basis: 100 neutrouns absorbed in 0235}

fvsorptions: ' D x SH 4t D x 5&'H L&D x 2'H 5'D % S5a'H
Be 0.02 0.0k 0.06 0.08
C 0.67 1.73 2.68 3.53
F 0.34 .46 0.56 0.6k
13® 0.91 2.33 3.61 4 .Th
y 0.12 0.27 0.42 0.55
M 12.97 17.90 21.25 2t .01
238 1.86 1.05 0.78 0.65

Leskage:
Fast £6.,03 60,52 53.45 47.40
Thermal 4.5k 11.55 15.54 18.43

1 1.574 1,940 1,.568 2,000



Table 2 - cont'd

(basis: 100 neutrons absorbed in 32y

Absorptions: 33'D x 10'H 4D x 10'H 45D x LO'H 5'D x L0'E
Be 0.03 0.06 0.03 0.11
c 1.82 246 3.082 k.72
F o0 0.54 0.68 0.77
116 1.65 3.3 5.14 6.33
iy 0.19 0,39 0.60 0.7k
Th 15.83 20,54 24,50 27.54
230 1.31 0.83 0.61 0.53

Leakage:
Fast 64,00 Sk, 94 45,57 Lo,10
Thermal 8.61 15,08 19,13 20.54

) 1.933 1.98 2.005 2,004
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Drain Tenk Criticality

The MSRE drain tenk is & cylinder S feet in diameter and 5 feet high;
when filled with fuel salt and surroundsd by & 4=0t layer of water the tank
has an effective multiplication constant {calculated with the multigroup
TO4W progrem GNU} of 0.77; without the layer of waker, the effective multi-
plication conatant is O.4k. Thus, even when reflected with an essentially

infinite layer of water the tank 1s considerably subcritical,

Gama, Heating
- Gamma heating calenlations were dope with the IBM TO4 program !{ightmare3
usilng two=group two=dimensional newtron flux distributions caleulated by the
IBM-TO4 program Equipoise.z ‘The results are tebulated in Table 3 for INCR-8

in the core can, pressure vessel and core support grid.

Tekle 3. Gamma Heating in the MSHE

Heat generation, Heat neratinn
Location vatte/gran watta/emd (p = 8. 9 gm/ cma )
Core can 0.024 0.21
Pregcure vessel (inside) 0.022 0.20
midplane
« “  {outside) 0.015 0-13
" " {center line) Q.04 0.38
Support grid {upper) 0.252 2.24

" * [lower) 0,197 1.75



- 11 -

Pission Product Activities in the

Figelon product activities ol two general classes contribute to the radlation
dose to pump lubrication. The first of these ia the gaseous products apd their
descendants whick collect in the gas volume; the secopd is the flsslion products
(g, 7 and delayed neutron emltters) which remain in the fuel liquid contained
in the pump.

The computetlonsl model and & list of filszion products for celeulating the
gas=borne activities was taken from the report concerning the ART by S-te‘vensan.l.}
The results for three different zweep rstes and three different yurge rates are
shown in Flgure 6, in terms of power released in the gas space, assuming that
elther the descendants are gaseous or that they are all plsted out on the walls.
Calewlations for other combinations of sweep and purge rates and larger fission
Troduct chains may be dcne with an IEM=-TO4 program prepared for this purpose;
up to 100 fission productzs may be dncluded,

The gamma source ln the fuel galt conteined in the pump may be estimated
as followe. On the average, T decay gammas with a totel energy of 5.5 Mev are
emitted per fission. At equilibrium, the rate of decay must equal the rate of

preduciion; ibhe oumber of gammas released per second must then be

& Tisslone
fisslon second

ant the frscticn of the totsel gemme ecilvity which decays ip the pump is

voluwe of fuel in pump
volume of fuel in system

For a totsl power of 10 megawstts, the total decay gammn activity in the pump

1 given hy
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3
- T & fisgiohs photons .5 It
IT ¢! watte x 3.30 x 10t e X T o ¥ %3—

a 1.6 x 10+7 Photons
aet

and the volume source strengbh 5, 18

E'Ta lrsxlolzwt

C]II.S FeC

Treating the photens as 1 Mev gammas and assuming the feel pool in the pump
iz & digk 3 £t in diameter and & in. deep, the unahlslded dose rate at 3 %
above the bottom of the wool 1z L.T £ lCIT Ra.d./'hr, using the truncatsd cone
aporoximetion in '.'IH'IJs'.-T.5

The effectlive delayed neutron fractlon Ei for esach group of delayed
heutrone 1s

- hi tc

- L -e
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l -~

vhere & 1s the core resldence time, ¢, the clrewlation time, ?.i the decey
copstant and p, the yield of the 1th delayed neutron group. Ab equilibrium
the delayed neutron production rate must equal the production rate of delayed
neutron precursorg; we have for the reactivity per unlt voiume of the ith
group of precursors {snd thus for the source strength of the ith group of

delayed neutrons)
A C= VB TP

where Ef # is the fisslon rate per unit volume and v the number of newtrons

per fisslon.
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Taking +he $otsl fuel volume ag 53 rr.3, the core fuel volume as 10 ftg,
the system flov rate az 1250 gal/min apd the delayed neutron dsta of Keepin

et a.‘.l.6 ¥lelds a smree strength of

g, {delayed newbroma} = 1.52 x 16° neutronsfc.nﬁ SEC,

Assuming that the scurce is concentrated In a podnt 3 feet from en unshielded
receptor the delsysd neutron doss rate ile 207 rem/hr, less than 1% of the

gamma dose rete from the decay gammse.
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